Abstract This study was conducted to investigate potentially protective and curative effects of Curcuma longa root (turmeric) powder on CCl 4 -induced hepatotoxicity in rats. Turmeric was administered before (preventive effect) or after (curative effect) treatment with CCl 4 . Total phenolic and flavonoid levels were 26.35 mg GAE/g and 12.35 mg CE/g, respectively. Using HPLC analysis, turmeric powder was rich in curcumin (62.97%), demethoxycurcumin (20.86%) and bisdemethoxycurcumin (16.17%). Curcuma longa powder showed important in vitro antioxidant activities. Results showed that the activities of aspartate aminotransaminase and alanine aminotransaminase, and the levels of bilirubin and serum lipids were increased in CCl 4 -treated animals. However, total protein and albumin levels and antioxidant enzyme activities were decreased. Turmeric administration, before or after CCl 4 treatment, significantly decreased the activities of marker enzymes and lipid levels in serum. Moreover, total protein and albumin contents were restored to nearly normal levels after turmeric administration accompanied with increase of antioxidant enzymes activities.
Introduction
Liver fibrosis results from chronic damage to the liver in conjunction with the accumulation of extracellular matrix proteins, which is a characteristic of most types of chronic liver diseases (Friedman, 2003) . The main factors of liver fibrosis are chronic hepatitis C virus infection, alcohol abuse and non-alcoholic steatohepatitis (Ginès et al., 2004) . It may result from the over-deposit of extracellular matrix and its component changes (Wang et al., 2002) . Oxidative stress has been recently recognized as a fundamental factor in the pathogenic changes observed in liver fibrosis. It plays an important role in pathophysiological changes that progress to liver cirrhosis. However, cirrhosis, the end stage consequence of fibrosis, is generally irreversible. Nevertheless, no curative treatment for liver fibrosis is available until today (Veidal et al., 2011) . The damage responses induced by carbon tetrachloride (CCl 4 ) injection in rat model are similar to liver cirrhosis in humans (Weiler-Normann et al., 2007) . It leads to the production of free radicals, which causes lipid peroxidation and thus necrosis and cirrhosis Its toxicity is caused by haloalkane metabolites produced during biotransformation and causing oxidative damage to cellular structure and macromolecules (Taniguchi et al., 2004) . Reactive oxygen species (ROS) produced under these conditions, lead to membrane lipid peroxidation and consequently to apoptosis and/or necrosis. These ROS can be eliminated by both enzymatic and non-enzymatic antioxidant systems mainly the powerful phenolic antioxidants (Ksouri et al., 2009 necroinflammatory hepatitis, cirrhosis and carcinoma has been proven to be associated with redox imbalance and oxidative stress (Vrba and Modriansky, 2002) . Therefore, compounds that exhibit antioxidant properties, scavenging of free radicals and inhibition of liver enzymes are expected to show hepatoprotective activity (Girish and Pradhan, 2008) . Nowadays, medicinal plants are receiving much importance in several industries mainly food processing ones. They are a dependable source of functional food. Such plants exhibit a high content of bioactive compounds mainly polyphenols, which have been reported to displayed several biological properties. The excellent medicinal properties of these compounds are mainly attributed to their ability to withstand and quench toxic ROS (Dufour et al., 2007) . Curcuma longa is a rhizomatous perennial herb, commonly known as turmeric, belonging to the family of Zingiberaceae. It is used as a food spice, additive, flavoring, preservative and as coloring agent in foods. In traditional medicine, it usually serves to treat liver disorders including liver fibrosis. Turmeric possesses antiviral (Kim et al., 2009) , anti-inflammatory (Bereswill et al., 2010) , antioxidant (Al-Jassabi et al., 2012; Chinedum et al., 2015; Tanvir et al., 2017) , antidiabetic (Aziz et al., 2013) and anticancer (Abdel-Lateef et al., 2016) properties. Liver is one of the important organs of the body which plays a major role in the metabolism of proteins, carbohydrates, lipids. Therefore, the condition of liver is important for our safety and health. However, in spite of the therapeutic importance of turmeric, no study about its protective and ameliorative effects when administered as a powder in an experimental model of hepatic fibrosis. Thus, we presumed here that turmeric treatment which started from the early stage of chronic liver disease or after fibrosis onset could effectively attenuate hepatic fibrosis.
Materials and methods

Preparation of plant extract
Curcuma longa roots (turmeric) were purchased from a local market in Tunis (Tunisia), powdered into ground turmeric and then stored under at 4°C. Methanolic extracts, used to determine the polyphenol content and antioxidant activities, were obtained by magnetic stirring for 30 min of 2.5 g of curcuma powder with 25 ml of 80% methanol. Then extracts were kept at 4°C for 24 h, and filtered through a Whatman filter paper. This final solution was stored at 4°C and used to determine total phenolic and flavonoid contents and to estimate antioxidant activities using several tests (total antioxidant activity, scavenging ability of DPPH radical and iron reducing power).
Total phenolic content
Total phenolics were assayed using the Folin-Ciocalteu reagent (Dewanto et al., 2002) . Briefly, 125 ll of sample extract were dissolved in 500 ll of distilled water and 125 ll of Folin-Ciocalteu reagent. The mixture was shaken, before addition of 1.25 ml of 7% Na 2 CO 3 adjusting with distilled water to a final volume of 3 ml, and mixed thoroughly. After incubation in the dark for 90 min, the absorbance at 760 nm was measured versus the prepared blank. Total phenolic amounts were expressed as mg of gallic acid equivalents per gram of dry weight (mg GAE/g DW), through a calibration curve with gallic acid.
Total flavonoid content
Total flavonoids were measured using a colorimetric assay (Prieto et al., 1999 ). An aliquot of diluted sample or standard solution of catechin was added to a 75 ll of NaNO 2 solution, and mixed for 6 min, before adding 0.15 ml AlCl 3 (100 g/l). After 5 min, 0.5 ml of NaOH was added. The final volume was adjusted to 2.5 ml with distilled water and thoroughly mixed. Absorbance of the mixture was determined at 510 nm against the same mixture, without the sample, as a blank. Total flavonoid content was expressed as mg catechin/g dry weight (mg CE/g DW), through the calibration curve of catechin. The calibration curve range was 50-400 lg/ml (R 2 = 0.99). All samples were analyzed in three replications.
DPPH radical-scavenging ability DPPHÁ scavenging ability was estimated according to Hatano et al. (1988) . The donation capacity of the obtained extracts was measured by bleaching of the purple-colored solution of 1,1-diphenyl-2-picrylhydrazyl radical (DPPH). One ml of the extract at different concentrations was added to 0.5 ml of a DPPHÁ methanolic solution. The mixture was shaken vigorously and left standing at room temperature for 30 min in the dark. The absorbance of the resulting solution was then measured at 517 nm. The antiradical activity was expressed as IC 50 (lg/ml), the antiradical dose required to cause a 50% inhibition. A lower IC 50 value corresponds to a higher antioxidant activity of plant extract. The ability to scavenge the DPPH radical was calculated using the following equation:
where A 0 is the absorbance of the control at 30 min, and A 1 is the absorbance of the sample at 30 min. BHT was used as a positive control. Samples were analysed in triplicate.
Iron reducing power
The iron reductive power was assessed (Yang et al., 2008) and the absorbance was measured at 700 nm. Each extract was mixed with 2.5 ml of sodium phosphate buffer (0.2 mol/l, pH 6.6) and 2.5 ml of potassium ferricyanide (10 g/l), and the mixture was incubated at 50 AE C for 20 min. 2.5 ml of trichloroacetic acid (100 g/l) were then added, and the mixture was centrifuged at 650 g for 10 min. The upper layer (2.5 ml) was mixed with 2.5 ml of deionised water and 0.5 ml of ferric chloride (0.01 g/l) and thoroughly mixed. The absorbance was measured at 700 nm against a blank in a spectrophotometer. A higher absorbance indicates a higher reducing power. EC 50 value (mg/ml) is the effective concentration at which the absorbance was 0.5 for reducing power and was obtained from linear regression analysis. Ascorbic acid was used as control.
Identification of phenolic compounds using HPLC
The identification of compounds was done using HPLC system equipped with a reversed phase C18 analytical column of 4.6 9 100 mm and 3.5 lm particle size (Zorbax Eclipse XDB C18). The DAD detector was set to a scanning range of 425 nm. Temperature of column was maintained at 25°C. The volume of injected extract was 2 ll and 0.4 ml/min was the mobile phase flow-rate. Mobile phase B was milli-Q water constituted of 0.1% formic acid and mobile phase A was methanol. The optimized chromatographic condition was as follows: 40% A and 60% B. Phenolic compounds identification were obtained by comparing their retention time and the UV spectra with those of pure standards.
Animals
Healthy male Wistar rats weighing (180-220 g) (7-9 week old) were procured from Tunis Pasteur Institute (B.P. 74. 1002 Tunis) and housed in animal cages under standard environmental conditions (temperature 21 ± 1°C, humidity 60-70%, 12 h light:12 h dark cycle). All animals were fed with standard pellet diet and had free access to drinking water. All experimental procedures were conducted in conformity with institutional guidelines for the care and use of laboratory animals in Tunisia, and the international guidelines on the ethical use of animals .
Animal model of CCl 4 -induced liver fibrosis
Liver fibrosis was induced by administration of 2 ml of CCl 4 /olive oil (1:1, V/V) per kg body weight (b.w.) by intraperitoneal injection twice weekly for up to 4 weeks as described by Nakamura et al. (1999) .
Study design
Animals were randomly divided into five groups of six rats each as follows:
Group 1: normal control rats administered distilled water daily (control group);
Group 2: rats administered C. longa root powder at 200 mg/kg b.w. twice a week by using intragastric intubation for 4 weeks (C. longa treated group);
Group 3: rats received intraperitoneal injection of CCl 4 at 2 ml/Kg b.w. twice weekly for 4 weeks (CCl 4 treated group);
Group 4: rats were treated with C. longa root powder (200 mg/kg b.w.) for 4 weeks and then injected with CCl 4 (2 ml/Kg b.w.) twice weekly for 4 weeks (preventive group);
Group 5: rats were treated with CCl 4 (2 ml/Kg b.w.) twice weekly for 4 weeks and then received C. longa root powder (200 mg/kg b.w.) twice weekly for 4 weeks (curative group).
Sample collection and analytical procedures
At the end of the treatment, food and water were removed 12 h prior to sacrifice. Animals were weighed and then anesthetized by injecting intraperitoneally 100 lg/g of pentobarbital sodium solution. Blood samples were obtained from animals by cardiac puncture and were allowed to clot at room temperature for 30 min and then centrifuged at 3000 9 g for 15 min. The livers were quickly excised from the rats and then rinsed in normal cold saline solution (pH 7.4). Following this, the organs were blotted with filter paper and weighed. Gross examination was conducted to check for gross abnormalities of the organs. The liver indices were calculated as the percentage of the body mass. Each liver was excised into two parts. The left lobe was immersed in isotonic 10% buffered formalin for histological assessment and processed for light microscopy while the right lobe was rapidly stored at -80°C until required for further use in the experiment.
Serum analysis and liver function tests
Activities of serum enzymes aspartate aminotransaminase (AST) and alanine aminotransaminase (ALT) were determined, in addition to the serum levels of total bilirubin, total proteins (TP), total cholesterol (TC) and triglycerides (TG) using commercial assay kits (Abbott Laboratories, USA.).
Assay of enzymatic antioxidants
Superoxide dismutase (SOD) activity was determined in liver homogenate according to the method of Beyer and Fridovich (1987) . Catalase (CAT) activity was measured using the method of Aebi (1984) and glutathione peroxidase (GPx) activity was measured according to the method of Flohe and Gunzler (1984) .
Histopathological study
Liver tissues were embedded in paraffin and processed for hematoxilin-eosin (H&E) and Masson's trichrome staining. Four fields were randomly selected from each section and histopathological evaluation was performed twice.
Statistics
Statistical analysis was performed with Statistica TM software, using one-way analysis of variance (ANOVA). Statistical assessments of differences between mean values were performed by Duncan's multiple range test at p B 0.05.
Results and discussion
The hepatoprotective effects of plant extracts are mainly related to their richness in phenolic compounds. Phenolic compounds are secondary metabolites widely found in plants, mostly represented by phenolic acids and flavonoids. The growing interest in these bioactive components is principally due to their antioxidant potential and the association between their preventive and curative capacities for some diseases (Serairi Beji et al., 2018) . This work was undertaken to determine the phytochemical composition of turmeric powder and to evaluate its preventive and curative effects against CCl 4 -caused hepatotoxicity in rats.
As can be seen in Table 1 , total polyphenol and flavonoid contents of turmeric powder were 26.35 mg GAE/g DW and 12.35 mg CE/g DW, respectively. Using HPLC analysis of turmeric powder (Fig. 1) , three principle phenolic compounds were detected, belonging essentially to flavonoid class, which were curcumin with 62.97%, demethoxycurcumin with 20.86% and bisdemethoxycurcumin with 16.17%. The antioxidant potential of curcuma longa roots was anticipated by two methods largely used, namely DPPH free radical-scavenging activity and reducing power assays (Table 1) . C. longa root powder exhibited a significant ability to quench DPPH radical (IC 50-= 35.75 lg/ml) and iron (EC 50 = 105 lg/ml). In this study, the contents of total phenolics (26.35 mg GAE/g DW) and flavonoids (12.35 mg CE/g DW) from C. longa root powder were higher than reported by Trinidad et al. (2012) with 1.74 and 1.25 mg GAE/g, respectively. In other study, Tanvir et al. (2017) had determined phenolic and flavonoid contents of ethanolic root extract from different C. longa varieties ranged from 45.2 to 160.7 mg GAE/g and 2.9-54.6 mg CE/g DW, respectively. Akinola et al. (2014) recorded 39.4 mg GAE/g of total phenolic content from methanolic turmeric extract. However, total phenolic content of methanolic extract from C. longa flowers was about 2.10 mg GAE/g (Kumar et al., 2016) . In fact, total phenolic and flavonoid contents varied as function of plant organ, variety analyzed and solvent extraction. Tested for activity against DPPH radical, the methanolic extract of C. longa (IC 50 = 35.75 lg/ml) is comparable to that of the authentic standard BHT (IC 50 = 24 lg/ml). Turmeric powder showed a higher Fe 3? reducing power (EC 50 = 105 lg/ml) than BHT (EC 50 = 130 lg/ml). A previous study carried out with ethanolic root extract of different C. longa varieties shown that IC 50 values for DPPH scavenging were ranged from 1.08 lg/ml to 16.55 lg/ml (Tanvir et al., 2017) . This ability to reduce ROS production has been attributed to the presence of natural antioxidants such as phenolic compounds. Earlier Table 1 Determination of total polyphenols (mg GAE/g DW), flavonoids (mg CE/g DW), DPPH scavenging activity (IC 50 , lg/ml) and reducing power (EC 50 , lg/ml) obtained from turmeric powder Total polyphenol content was expressed by mg gallic acid equivalent/g; total flavonoid content was expressed by mg catechin equivalent/g; EC50 value is the effective concentration at which the antioxidant activity was 50%; the absorbance was 0.5 for reducing power; IC50 = half-maximal inhibitory concentration;1,1-diphenyl-2-picrylhydrazyl (DPPH) radical was scavenged by 50%; BHT: butylated hydroxytoluene was used as positive control; results were given as mean ± SD from triplicate estimations DW dry weight studies have claimed that phenolic compounds possess diverse pharmacological effects such as antioxidant, antiinflammatory and hepatoprotective properties (Ranawat et al., 2010) . Curcumin has been reported to be the active principle of C. longa; several recent studies showed the strong antioxidant action of curcumin (Zheng et al., 2018) . Previous studies reported that curcumin, the main active compound obtained from C. longa pretreatment prevented oxidative stress and liver damage, and treatment with curcumin attenuated liver injury induced by ethanol, thioacetamide, iron overdose, cholestasis and acute subchronic and chronic CCl 4 intoxication (Aziz et al., 2013) . The phenolic composition of methanolic turmeric extract can explain its highest biological activity. In fact, the great ability of turmeric powder against CCl 4 -induced hepatotoxicity was may be correlated to the presence of power antioxidant compounds such bisdemethoxycurcumin (16.17%), demethoxycurcumin (20.86%) and curcumin (62.97%) which were the three abundant phenolic molecules in turmeric powder.
To evaluate the capacity of turmeric powder to cure liver, we have used CCl 4 to induce hepatotoxicity in rats. For the treated rats, Fig. 2 showed that before embarking on the experiment, all groups had no significant difference in body weight (p [ 0.05). Results showed that rats administered with turmeric powder (group 2) had similar body mass as the control rats (group 1). However, CCl 4 -treated rats displayed a significant decrease of body mass in comparison with the control. This reduction could be attributed to the toxic effects of CCl 4 commonly used to induce hepatic injury or necrosis. These results are in agreement with previous observations in rats administered with thioacetamide (Kadir et al., 2013) . When treated with turmeric powder, rats in group 5 exhibited an increase of their body mass, but this was still significantly lower than control. However, the preventive effect of turmeric powder in group 4 (administered with turmeric and then with CCl 4 ) was more pronounced, in fact, the reduction of body mass was less as compared to group 3 (treated with CCl 4 ) and group 5 (treated with CCl 4 and then with turmeric). This reduction of body mass in group 4 could be explained by a great dispense of energy to defend against CCl 4 toxicity. The liver plays a major role in protein metabolism and synthesis of amino acids (Kadir et al., 2013) . Therefore, levels of total protein and albumin will be affected by CCl 4 -induced fibrosis. Total protein and albumin concentrations in group 3 (treated with CCl 4 ) were significantly lower in comparison to control group. These alterations are frequently observed in liver diseases and correlated with the severity of fibrosis (Thapa and Walia, 2007) . In CCl 4 -treated group concurrently administered with turmeric as preventive (group 4) or curative (group 5) agent, the levels of total protein and albumin were significantly increased compared to group 3. This improvement is indicative of the beneficial effects of the curcuma administration in protecting the liver. It has been reported that hepatotoxicity was accompanied by a marked increase in total cholesterol and triglycerides levels, revealing the perturbation of Fig. 1 Chromatographic profile of curcuminoids obtained from methanolic extract of Curcuma longa monitored at 425 nm: 1. bisdemethoxycurcumin, 2. demethoxycurcumin; 3. curcumin Fig. 2 Effects of turmeric powder on body mass evolution of rats with liver fibrosis. Values are the means of 6 replicates ± SD. G1: control group, G2: C. Longa powder administered group, G3: CCl 4 -treated group, G4: group administered with C. Longa powder and then treated with CCl 4 and G5: group treated with CCl 4 and then with C. Longa powder Does Curcuma longa root powder have an effect against CCl 4 -induced hepatotoxicity in rats: A… 185 membrane stability and function (Pari and Amali, 2005) . The results of blood biochemical parameters are given in Table 2 . Our findings confirmed these observations and showed that CCl 4 treatment caused a significant increase in the levels of serum cholesterol and triglycerides. Oral supplementation with turmeric resulted in a significant decrease in serum lipid, which was indicative of the protective effect of C. longa root powder. These results were similar to those of Pari and Amali (2005) , where the treatment of rat with tetrahydrocurcumin inhibited the negative effect of CCl 4 . Measurements of ALT, AST activities and total bilirubin levels are widely used as markers in evaluating the degree of liver injury since under these conditions high levels of ALT and AST are released from cytosol into the blood. In the present study, CCl 4 significantly increased the activity of ALT and AST (3 to 5 times as compared to group 1, respectively) and the total bilirubin level (Table 2) . These results were also reported in previous work using chloroquine (Pari and Amali, 2005) , quinine (Farver and Lavin, 1999) and amodiaquine (Farombi et al., 2000) as hepatotoxicity-induced agents. In addition, rats injected with CCl 4 , in the absence of oral administration of turmeric powder (group 3), developed severe liver injury and fibrosis, as evidenced by the prominent steatosis of hepatocytes, pericellular and periportal bridging fibrosis, and distortion of liver architecture. In fact, serum ALT and AST activities were determined for enzymatic evidence of liver injury. However, the pretreatment with turmeric powder offered hepatoprotection as evidenced by the inhibition of the increase in ALT and AST activities and total bilirubin level. These results are in accordance with the study reported by Al-Jassabi et al. (2012) showing that pretreatment by C. longa showed reduction in bilirubin, AST and ALT activities. This is an indication of stabilization of plasma membranes as well as repair of hepatic tissue damage caused by CCl 4 . The overproduction of ROS induced by CCl 4 caused oxidative destruction of cell plasma membrane (Reiter, 1995) and consequently liver diseases.
To overcome oxidative damage, enzymatic antioxidant systems, including SOD, CAT and GPx, known as scavengers of superoxide and hydrogen peroxide, are significantly induced during recovery from acute liver injury. These enzymes are located in various cell compartments and represent the main protective mechanisms against oxidative stress. From Fig. 3 , it is interesting to note that no significant difference among control group and animals treated with turmeric powder. Compared with the control group, the activities of SOD, CAT and GPx significantly decreased with CCl4 treatment. GPx was the most affected with a 53% reduction followed by CAT with a 51% reduction and SOD was less affected with a 41% reduction. However, both preventive and curative turmeric treatments significantly increased the activity of these enzymes. In fact, turmeric pre-treatment decreased the toxicity of CCl 4 showing 50, 40 and 35% amelioration in enzymatic activities of CAT, GPx, and SOD, respectively. In turmeric post-treatment, there was an amelioration of 51% for CAT, 46% for GPx and 45% for SOD. The beneficial effect of turmeric powder was proved by an increase in the activity of these enzymes. This increase reflected the antioxidant efficiency of C. longa root powder to protect liver membrane against lipid peroxidation. So, the free radical scavenging property of turmeric powder is able to donate hydrogen atoms to the free radicals and to convert them into more stable products strongly inhibiting liver damage. Concerning the Fe 3? reduction capacity, it is the reducing ability of antioxidant compounds of turmeric powder from Fe 3? to Fe 2? complex. The protective effect of turmeric powder against CCl 4 -induced oxidative stress in rat liver was also proven with the histopathological observations. Results from the histological studies were in agreement with the measured activities of serum enzymes. As shown in Fig. 4A , there were no abnormalities or histological changes in the livers of normal rats. The treatment with CCl 4 caused hepatocyte vacuolization and ballooning degenerations of hepatocytes, associated with neutrophilic infiltration (arrow-heads), 
